Little is known about the factors that predict the transition of acute, time limited pain to chronic pathological pain following postero-lateral thoracotomy. The aim of the present prospective, longitudinal study was to determine the extent to which (1) pre-operative pain intensity, pain disability, and posttraumatic stress symptoms (PISS) predict post-thoracotomy pain disability 6 and 12 months later; and (2) ifthese variables, assessed at 6 months, predict 12 month pain disability. Fifty-four patients scheduled to undergo postero-lateral thoracotomy for intrathoracic malignancies were recruited before surgery and followed prospectively for one year. The incidence ofchronic post-thoracotomy pain was 68.'l% and 61.1%
Introduction
Most patients who undergo surgery do not develop chronic post-surgical pain (CPSP) . They recover uneventfully and within weeks resume everyday activities. The typical course of recovery, however, is not enjoyed by many patients whose pain does not abate. The scale of the problem is documented by the growing awareness of CPSP in the surgical community (l(ehlet et Macrae,2OO'la,2001b; Perkins and Kehlet, 2000) . A prospective study of approximately 5000 patients estimated the incidence of acute neuropathic pain following surgery to be 1-3%. A one year follow-up showed that 56% of patients with neuropathic pain reported ongoing pain (Hayes et al., 2002) . Considering the total number of patients worldwide who undergo surgery every year, it is not surprising that almost 25% of patients seen at chronic pain treatment centers are referred for CPSP (Crombie et al., 1998) .
One of the most intractable CPSPs arises after postero-lateral thoracotomy for lung cancer. Given the poor prognosis and low survival rates associated with lung cancer (Mountain, 1997; Mountain and Dresler, 1997) , the main priority is to optimize quality of life (Cella, 2004; Pearman, 2008) . However, quality of life among survivors is compromised by an unacceptably high occurrence of chronic post-thoracotomy pain. The one-year incidence of chronic post-thoracotomy pain is between 21% (Ochroch et al., 2002) and 61% (Perttunen et al., 1999) , with most estimates around 50% (Gotoda et al., 2001 ; Ju et al., 2008; lr.a.tz et al., 1996) .
Very little is known about the mechanisms underlying development and maintenance of chronic post-thoracotomy pain. Biopsychosocial models acknowledge the important interplay between biomedical and psychosocial variables in chronic neuropathic pain and disability in other surgical patient populations (Hanley et al., 2004 (Hanley et al., ,2007 Jensen et al., 2002) . However, there have been no studies of risk factors associated with development of chronic post-thoracotomy pain and disability.
Recent data (Asmundson et al., 2OO2) show high co-morbidity between chronic pain and post-traumatic stress disorder (PTSD) .
PTSD usually occurs after exposure to a situation or event perceived as threatening to one's physical or emotional integrity.
According to the Diagnostic and StatisticalManual of Mental Disorders-lV Text Revision (DSM-IV T& American Psychiatric Association, 2000) , the diagnostic criteria for PTSD include three symptom clusters -(1) re-experiencing (e.g., nightmares), (2) avoidance (e.g., of activities associated with the event) and emotional numbing (e.g., feeling detached from others), and (3) hyper-arousal (e.g., jumpiness). The lifetime prevalence for PTSD ranges from 7% to '14% but may be as high as 58% for at-risk individuals (e.g., soldiers, victims of assault) (American Psychiatric Association, 2000) . Many more individuals not meeting full diagnostic criteria may suffer with partial or subthreshold trISD (Mylle and Maes, 2004) . Reasons for the high co-occurrence of chronic pain and post-traumatic stress symptoms (PTSS) include mutual maintenance of overlapping symptoms and shared vulnerability mechanisms (Asmundson et al., 2002) .
The aim of the present prospective, longitudinal study was to determine the extent to which (1) pre-operative pain intensity, pain disability, and PTSS predict post-thoracotomy pain disability 6 and 12 months later; and (2) if these variables, assessed at 6 months, predict 12 month pain disability. Based on suggestions linking emotional numbing with endogenous opioid dysregulation (Foa et al., 1992; Glover, 1993) , evidence that avoidance and emotional numbing represent distinct PTSD symptoms clusters (Asmundson et a1.,2004) , and evidence that pain severity and emotional numbing symptoms predict quality of life in chronic pain patients (Clapp et al., Patients who agreed to participate in the study signed an informed consent form after which they completed a demographic information form and a battery ofquestionnaires including an assessment of pre-operative pain intensity. At that time, we also obtained pressure pain thresholds (kg/cm2) by applying a Fischer (1987) Data from the following questionnaires measured pre-operatively and at the 6 and 12 month follow-up interviews were analyzed for the present paper. The NRS consists of a series of numbers ranging from 0 to 10 with endpoints representing the most extreme pain experiences (0 = no pain and 10 = worst possible pain). Patients were asked to choose the number that best corresponded to the intensity of their pain. We assessed average daily pain (NRS-A) at the pre-assessment visit ("On the days that you feel pain, what is the average intensity of your pain"). We assessed rest pain and movement-evoked pain (NRS-M) on days 1 and 2 after surgery (24 h and 48 h after surgery). The latter measure involved having the patient sit up in bed from a lying position and then provide a pain rating. We also assessed average and worst pain at the 6 month and 12 month follow-ups. The NRS has demonstrated good reliability and validity and has been shown to be sensitive to change following pharmacological intervention (Katz and Melzack, 1999) .
Pain disability index (PDI)
The PDI (Pollard, 1984 ) is a self-report questionnaire that measures the extent to which pain interferes with seven daily, psychosocial activities and life domains, including (1) family/home responsibilities, (2) recreation, (3) social activity, (4) occupation, (5) sexual behavior, (6) self-care, and (7) (Chibnall and Tait, 1994; Tait et al., 1990 Tait et al., , 1987 . The PDI is sensitive to change in response to pre-operative analgesic treatment for up to 3 weeks after surgery (Katz and Cohen, 2004) . The PDI showed excellent internal consistenry at all three time points (Cronbach's alpha ranged between 0.92 and 0.97).
2.3.3. Post-traumatic stress disorder checklist-civilian version (PCL-C)
The PCL-C (Weathers et al., 1993 ) is a 17-item self-report mea- (Asmundson et al., 2004) . Recent conceptual (Asmundson et al., 2004; Foa et al., 1992) and empirical work from factor analytic (Asmundson et al., 2000) , treatment outcome (Taylor et al., 2001,2OO3), and correlational (Clapp et al., 2008; Felmingham et al., 2002) (Weathers et al., 1993) and 50 (Blanchard et al., 1996) . Test-retest reliability for the PCL-C over a 2-3 day retest interval is 0.96 (Weathers et al., 1993) . The PCL-C yields an adequately high overall diagnostic efficiency and is both reliable and valid (Weathers et al., 1993 and one was already participating in another study). Of the remaining 136 patients, 31 refused to participate for various reasons and 51 were missed by study personnel (29 had theirsurgery or appointment rescheduled without notice, for 10 patients study personnel were not available, for nine patients study personnel were not informed of the patient's availability, two patients were incorrectly deemed ineligible, and one patient did not show up at the pre-admission unit).
Fifty-four patients were recruited into the study. One patient withdrew consent prior to surgery. Surgery was cancelled for another patient. Of the remaining 52 patients who underwent thoracotomy, 47 (9O.4%; 24 male, 23 female) were contacted and followed up 6 months after surgery, three had died and two were lost to follow-up. Twelve months after surgery, 36 (69.2%;14 male, 22 female) patients were followed up. Between the 6 and 12 month follow-ups, seven patients had died (total 1 0 deaths), five were lost to follow-up (total five lost to follow-up as the two patients who were lost to follow-up at 6 months were reached for the 12 month follow-up) and one refused to be interviewed. and was switched to iv PCA and one patient received iv hydromorphone. Table 2 shows scores on the psychosocial measures at the initial assessment and follow-ups.
Demographic and clinical variqbles
3.3. Changes in PI"SS, pain intensity, and pain disability over time had a documented local recurrence of the malignancy at the time of the 12 month follow-up. Table 5 shows the correlation matrix of the regression model variables predicting 12 month pain disability scores. Similar to the 6 month data, regression analysis showed that pre-operative factors and acute movement-evoked pain intensity on days 1 and 2 after surgery (step 1 : tr = O.t ae, p = 0.275) did not significantly predict 12 month pain disability (Table 6 ). The addition of 12 month pain intensity scores in step 2 (AF =0.29'1, p=0.0009) was a significant predictor of 12 month pain disability, although, (Dl, D2) refers to the mean movement-evoked pain intensity averaged across days 1 and 2 postop as measured by a numeric rating scale. Mean NRS-R pain (Dl, D2) refers to the mean intensity of pain at rest averaged across days .l and 2 postop as measured by a numeric rating scale, " The total exceeds the number of patients (N = 21 ) who had pre-operative pain since some patients reported pain at multiple locations.
notably, less so (by -31%) than at 6 months. Finally, after controlling for all variables in the model, 12 month emotional numbing Table 2 Pain and psychosocial variables at the pre-operative and follow-up assessments. Table 2 , Table 4 Summary of three-step multiple regression analysis predicting 6 rnonth pain disability from perioperative variables, 6 month pain intensity and 6 month PCL-C emotional numbing scores (N = 47). Abbreviations as in Tables 2 and 3 Tables 1 and 2. to the main outcome variable (12 month PDI scores) as well as to one another. Results of the fegression analysis (Table 8) Summary ofthree-step multiple regression analysis predicting 12 month pain disability from perioperative variables, 12 month pain intensity and 12 month PCL-C emotional numbing scores (N = 36). Abbreviations as in Tables 1 and 2. F-Change " p < 0.0009. Table 7 Pearson corelation coeffcients (two tailed) among variables in the regression analysis predicting l2 month pain disability scores fom 6 month data (N = 36). Note that N= 34 for correlations among 6 month variables since 2 patients whose 6 month follow-up was missed were subsequently followed up at 12 months. Also shown are significance levels (p). 
P5r
Abbreviations as in Table 2 . Table 8 Summary ofthree-step multiple regression analysis predicting 12 month pain disability from 6 month variables, .12 month pain intensity and 12 PCL-C month emotional numbing scores (N = 34). Abbreviations as in Table 2 months post-treatment (Tait et al., 1987) and those who were working full-time (Pollard, 1984) . The results of the present study show th at -7 5% of the variance in 12 month pain disability scores can be explained by a combination of 6 and 12 month variables, notably, 6 month pain disability, and 12 month pain intensity and emotional numbing. While it is true that pain disability scores were, on average, low at the three assessments, the relative contribution to pain disability of pain intensity and emotional numbing appears to change with time.
The pattern of results differed for the 6 and 12 month follow-up regression analyses; concurrent pain intensity and emotional numbing contributed significantly to the prediction of pain disability (Tables 4 and 6 , respectively) at 6 months, but only 12 month emotional numbing predicted 12 month pain disability. In addition, the relative contribution of concurrent pain intensity to concurrent pain disability dropped from 60% at 6 months to 29% at'12 -months (a difference of 31%) while that of emotional numbing increased from4.2% at 6 months to2o% at 12 months (a difference of 15.8%).1
These data suggest that as time from surgery increases from 6 to 12 months, pain intensitSr and pain disability become progressively de-coupled while the relationship between emotional numbing and pain disability becomes stronger. One possible explanation for this pattern of findings might be that pain itself serves as a traumatic stressor which causes increased emotional numbing. For example, the post-thoracotomy pain may serve as a constant reminder of the cancer diagnosis or it may be interpreted as a recurrence of disease both of which would ultimately lead to increased emotional numbing and pain disability. Biological explanations of the link between pain and emotional numbing have implicated the endogenous opioid system (Foa et al., 1992) . However, the studies that have been conducted to date show that CSF (Baker et al., 1997) and plasma (Hamner and Hitri, 1992; Hoffman et al., 1989) concentrations of beta-endorphin are significantly higher in patients with PTSD compared with controls. These studies have not examined the relationship between beta-endorphin concentrations and emotional numbing per se. Nevertheless, the results of the present study seem inconsistent with the betaendorphin hypothesis given the positive correlations between pain intensit5r and emotional numbing.
It is notable that pre-operative levels of pain intensity, pain disability, emotional numbing and acute movement-evoked pain did not contribute significantly to later pain disability, either at 6 months (Table 4) or at 72 months (Table 6 ). In addition, peri-operative epidural use and dose of post-operative analgesics did not correlate with 6 or 12 month pain disability scores. These results are not consistent with two studies showing that perioperative epidural use reduces the incidence and/or intensity of chronic post-thoracotomy pain (Ochroch et al., 2002; Senturk et al., 2002) .
In contrast to the lack of a relationship between follow-up pain disability and the perioperative factors noted above, 6 month pain disability, and 12 month pain intensit5r and emotional numbing (Table 8) , contributed significantly to the prediction of 12 month pain disability. Taken together, these data suggest that the main source of late pain disability (e.g., at 12 months) stems from post-surgical factors with little to no contribution from pre-operative factors or acute post-operative movement-evoked pain. This appears to be inconsistent with previous research showing that acute movement-evoked pain in the hours and days after surgery predicted the development of post-thoracotomy pain 18 months Iater (lGtz et al., 1996) . However, it is important to note that the present study found a significant univariate association (r=0.38, p = 0.022) between acute movement-evoked pain intensity in the first two days after surgery and 12 month pain intensity scores (Table 5). In addition, the univariate relationship between pre-operative pain intensity and 12 month pain intensity was also significant (r = O.44, p = 0.007). However, when these variables were considered in a multivariate context, which was not done in previous research (l(atz et al., 1996) , they did not contribute significantly to the prediction of pain disability.
-t thi, o*"rn of results was confirmed when we ran the 6 month regression equations using only those patients reached at the 12 month follow-up indicating that the relative changes in variance from 6 to 12 months explained by pain intensity and emotional numbing are not a cohort effect.
Emotional numbing is regarded as a prominent feature of the more global phenomenon of dissociation (Foa et al., 1992) and peri-traumatic dissociation has been associated with an increased risk of developing PTSD (Shalev et al., 1 996) . It is interesting to note ,that in the present study, the larger contribution to 12 month pain disability was not pre-operative emotional numbing but emotional numbing at the 6 month assessment. As noted above, this suggests -that the development of 12 month pain disability is more dependent on post-operative factors (i.e, occurring within 6 months of surgery) and less on pre-operative pain intensity or emotional numbing associated with pre-operative factors (e.g., anticipation of surgery or a cancer diagnosis).
The preceding discussion raises the issue of the source(s) of emotional numbing and other PTSD symptoms at the three time points. We did not assess the nature of the traumatic stressors that contributed to the PCL-C total and subscale scores. Although there has not been an evaluation of PTSD symptoms in post-thoracotomy cancer patients, studies ofpatients with other types ofcancer suggest that the emotional numbing may arise from living with pain, which may serye as a reminder of the cancer (Bender et al., 2008) , living with a diagnosis of cancer (Kangas et al., 2005) as well as the threat of and/or a recurrence of cancer (Black and White, 2005) . It is also possible that the emotional numbing is, in part, due to a previous unrelated traumatic event (Shelby et al., 2008) . Future studies should examine more closely the source of emotional numbing associated with pre-and post-surgical pain.
The results of the present study also support recent suggestions that avoidance and emotional numbing constitute separate PTSD symptom clusters (Asmundson et al., 2004; Foa et al., 1992) . Concurrent emotional numbing, but not avoidance, was a significant predictor of pain disability at the 6 and 12 month follow-ups. In addition, avoidance symptoms, but not emotional numbing, pain disability or pain intensity, decreased significantly over time, from the pre-operative assessment to the 12 month follow-up. These findings are consistent with a recent study showing that pain severit5t and emotional numbing, but not the other PTSD symptom clusters, are significantly negatively related to role functioning in patients with ongoing pain subsequent to motor vehicle injury (Clapp et al., 2008) . Taken together, these results support the suggestion that combining avoidance and emotional numbing into a single symptom cluster may not be the most accurate conceptualization of PTSS (Asmundson et al., 2004) .
From a treatment perspective, there is very little published on co-morbid PTSD and chronic pain (Asmundson and Taylor, 2006) . There is some evidence a cognitive behavioral perspective that addresses both disorders is essential: otherwise, due to mutual maintenance of symptoms or shared vulnerability factors, improvement when only one disorder is treated may be temporary or may yield only partial resolution of symptoms (Asmundson and Taylor, 2006 
